A dog with juvenile acinar atrophy of the pancreas had degranulation and loss of the acinar cells. Transitional features from normal to degranulation were seen. Electron microscopically, the atrophic pancreas mainly consisted of epithelial cells of duct system, islet cells and multivesicular cells.
Juvenile atrophy of the canine pancreas [1] is characterized by pancreatic enzyme deficiency in young dogs in association with a non-inflammatory lesion of the pancreas. Clinically there is polyphagia, weight loss, steatorrhea, diarrhea and coprohagia.
Case History
A 13-month-old male German Shepherd dog had a 2-month history ofloose stools or diarrhea with undigested food, persistent voracious appetite and occasional coprophagy. Body weight declined from 40 to 25.7 kilograms in 2 months. The dog was emaciated and had pale mucous membranes. Stools were bulky and soft and had a characteristic odor. Replacement therapy with pancreatin powder was done for about 11 months. The dog did not improve during treatment and the body weight remained low (22.9 kilograms).
Materials and Methods
Specimens were collected for hematology, clinical chemistry of serum, oral glucose tolerance test [4] and urinalysis. Microscopic fecal examination was done for parasitic ova, neutral fat globules (Sudan III) and undigested muscle fibers. Fecal trypsin activity was estimated by xray film test [8] . Biopsyspecimens were obtained from the pancreas by exploratory laparotomy 2 months after the first clinical examination. Tissues were fixed in Carnoy's, Bouin's and Zenker's solutions. Sections were embedded in paraffin and stained with hematoxylin and eosin (HE). At necropsy (10 months after biopsy) samples were collected from the pancreas and other organs and fixed in 10% formalin. Special stains used were periodic acid-Schiff (PAS) reaction, Victoria-blue acid fuchsin, and Launoy for zymogen granules.
Electron microscopic examinations were done on specimens from the pancreas (the right and left lobes, and intermediate part of both lobes) obtained from biopsy and autopsy. The 74 same examinations were done on the pancreas of each of two healthy dogs used as controls. The small blocks (1 mm") of tissue were fixed in chilled 2% glutaraldehyde (pH 7.4) immediately after biopsy or as fast as possible after death and then refixed in chilled 1% OS04 (pH 7.3) by immersion. After dehydration through a graded ethanol series, the specimens were embedded in epon 812. Ultrathin sections were cut with glass knives on an ultramicrotome. They were stained with uranyl acetate and lead citrate and examined with an electron microscope.
Results
The affected dog had 13.4 g/dl hemoglobin and packed cell volume of 39%. Total serum protein was 5.1 g/dl and serum cholesterol was 60 mg/dl. The oral glucose tolerance test showed values different from those in healthy dogs used as controls. Glucose was higher after the test and did not return to normal within 2 hours (table  I) . Feces had many neutral fat granules and undigested muscle fibers. Fecal trypsin activity was not detected. No other abnormalities of blood, urine or serum were detected.
The pancreas was 28x3.5xO.7 centimeters and weighed 12.2 grams and was smooth, light brown, and transparent. The parenchyma consisted of very thin glandular tissue and looked like lace. The ductal system and blood vessels could be seen.
Pancreatic lobules were small and had much loose connective tissue, some of which was adipose tissue. Pancreatic parenchyma consisted of a diffuse sheet of small dark cells with indistinct cellular outline. It was often difficult to determine whether these cells were acinar cells with loss of zymogen granules or were centroacinar cells. Most of the acinar cells, however, seemed to lose their zymogen granules progressively, then disappear. Small groups of apparently normal acinar cells with zymogen granules were scattered in acinar or lobular units ( fig. 1 ). Variable transitional changes could be seen in the same lobule ( fig. 1 ). In some parts of the lobule, apparently normal acinar cells were arranged in acini. In the other parts of the same lobule, acinar structures were destroyed and cytoplasmic zymogen granules were sparsely distributed. Cytoplasmic vacuolization and atrophy with loss of almost all zymogen granules also could be seen in the acinar cells ( fig. 1 ). Dilation of ducts frequently was seen.
Islets of Langerhans' were apparently normal. In some areas, most of the acinar cells were replaced by hyperplastic islet tissue and duct system ( fig. 2 ). In interstitial tissue there were a few lymphocytes and plasma cells accompanied by fibroblasts or macrophages. Lymphocytes were prominent in biopsy specimens. Interlobular loose connective tissue was somewhat more than normal and edematous. The pancreatic duct system, peripheral nerves and blood vessels in the parenchyma were normal.
Ultrastructurally normal acinar cells were nearly absent throughout the glandular tissue (table II) but multivesicular cells were relatively abundant. The latter cells frequently were found within islets, interspersed among the acini, and occasionally in ductal epithelium especially in biopsy specimens. The remnants of acinar cells were 24 to 35 micrometers in diameter and had an almost smooth cell surface. Their nuclei were rich in chromatin. Lamellar arrangement of rough-surfaced endoplasmic reticulum was seen from the basal part to the perinuclear region. Zymogen granules were 0.9 to 1.3 micrometers in diameter and had high electron opacity. They were abundant in apical cytoplasm.
Multivesicular cells were 14 to 16 micrometers in diameter and had eccentric multilobate nuclei and numerous agranular membrane-bound vesicles ( fig. 3-5 ). The vesicles were round, ovoid or kidney-shaped and were 0.3 to 0.6 micrometer in diameter. Some of the vesicles were larger and fused with each other. Some vesicles had amorphous content of low electron opacity while the contents of others had densities intermediate between the opaque and pale granules ( fig. 3 ). Discharge of the granules was rarely seen in the vascular pole ( fig. 3 ). Most vesicles were empty. The Golgi apparatus was relatively well developed ( fig. 3 ). A few lysosomes also could be seen and mitochondria were distributed throughout the cytoplasm. Occasionally, lamellar structures of the rough-surfaced endoplasmic reticulum were seen in one side of a cell ( fig. 4 ).
Centroacinar cells and epithelial cells of the intercalated duct resembled each other ( fig. 5 ). Both had small vacuoles of smooth-surfaced endoplasmic reticulum near the free surface of the apical part of cells. The luminal border had some microvilli, but they were not accompanied by a glycocalyx. Junctional complex was found on the apical part.
Discussion
This dog had characteristic clinical signs ofacinar atrophy of the canine pancreas. Microscopically, most of the pancreatic parenchyma consisted of groups of small cellsthat had no zymogen granules and had basophilic cytoplasm. It was often difficult to determine whether the cells were acinar or centroacinar cells, but the parenchyma of the pancreas apparently had lost acinar cells and the epithelial cells of the duct system were prominent. In our dog, the process of gradual degranulation of zymogen granules and loss of acinar cells were findings similar to those of mild degenerative changes of acinar cells [3] and progressive loss of acinar tissue [8] . Some investigators [5, 6] have described similar findings as hypoplasia of the pancreas. In our dog, this condition of the pancreas was not thought to be caused by hypoplasia or agenesia because the process of degranulation or loss of acinar cells was found under light microscopy in acinar tissue that had developed.
In most areas of the glandular tissues, there were many multivesicular cells with numerous agranular membrane-bound vesicles in the cytoplasm and eccentric multilobate nuclei. Some of our findings of these cells indicate the existence of lamellar structures of the rough-surfaced endoplasmic reticulum; therefore, we could not deny that these cells might have originated from acinar cells. The multivesicular cells, however, might be considered to be endocrine because: I) discharge of the granules was seen at the vascular pole; 2) the diameter of the cells was 14 to 16 micrometers; 3) the vesicles were small (0.3 to 0.6 micrometers); and 4) the cells had eccentric multilobate nuclei. The multivesicular cells resembled the X-cell [2, 7] . The X-cells are morphologically distinct secretory cells, independent of other islet cell types or acinar cells, and possibly are endocrine [7] . X-cells appear in large numbers after feeding of cream, ligation of the pancreatic duct, obstruction of the pancreatic ducts by neoplasm or inflammation, long-term feeding of dry fodder, injection of choline chloride, or stimulation of the splanchnic nerve [7] . Therefore, further studies will be needed to elucidate the origin of the multivesicular cells and the cause of the condition. 
